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Tilia cordata Mill. it is thus a species of deciduous that is pretentious with regard to the environmental conditions, 
mainly for temperature. The aim of this study is to identify the interactions between the heavy metals identified in the leaf 
tissue of the lime trees (Tilia cordata Mill.) From six experimental locations in Cluj-Napoca, under specific climatic 
conditions. Strong multiple correlations are identified between the heavy metals taken in the study, in most experimental 
locations, ranging from 0.751 to 0.822. Only one exception is registered, at the level of the experimental site 3, urban 
type location, where the resulting correlation is weak to average (R = 0.381). The present study highlights the fact that 
Tilia cordata Mill., has a high ability of bioaccumulation of Pb in leaf tissue, which recommends it to be used as a 
biomonitoring agent for lead pollution in risk areas. 
 





Tilia is a genus that includes more than 20 
species of deciduous trees that occur in forests on 
most continents, from Europe, to Asia and America, 
predominantly in North America. Lime species, 
worldwide, are frequently used and planted as 
ornamental trees, especially in urban areas, aligned 
along streets in cities [4]. Tilia cordata Mill. it is thus 
a deciduous species that grows to a height in the 
range of 20–40 m, with a diameter of 1/3 or even 1/2 
of its height, and can reach up to 1 m in diameter. 
The bark of the tree is smooth and gray when 
the tree is young, it is firm and has a vertical growth, 
and with aging it has horizontal cracks.  
 
 





Like other tree species, Tilia cordata Mill 
responds. at the action of temperature it is closely 
related to the degree of hydration of the tree, 
conditioned by the water supply.  
In general, given that the annual rainfall is 
greater than between 550 and 600 mm, the water 
supply is much less important in the development 
process of the Tilia cordata Mill. The temperature 
evolution has a much higher influence on the 
development of the tree [ 2]. It is well known the role 
played by climate change in the distribution of 
species, and regarding Tilia cordata Mill. these are 
considered to be a major cause of changes in the 
distribution of this species [1, 3, 5]. In other news, 
Tilia cordata Mill is classified in species that require 
large amounts of heat [6, 7].  
Tilia cordata Mill. it requires quite high 
temperatures, respectively higher than 15ºC, 
especially during the growing season. These 
temperatures are necessary for the good evolution 
and development of the seedlings [8]. 
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The present study aims to identify the 
interactions between the heavy metals identified in 
the leaf tissue of the lime trees (Tilia cordata Mill.) 
From the experimental locations in the municipality 
of Cluj-Napoca, under specific climatic conditions. 
 
2. Material and Method 
 
The foliar tissue was collected  from Tilia 
cordata Mill. trees located in 6 experimental points 
of Cluj-Napoca (46º46'0''N, 23º36'0''E), where linden 
tres are placed with ornamental role.  
The leaves were collected during vegetation 
the period April - September  corresponding to 2017 
and 2018. The reuslts are expressed as mean by both 
experimental years. 
The foliar tissue from Tilia cordata Mill. was 
harvested from: 
1 - Aurel Vlaicu Street, traffic type location 
2 - Boulevard 1 December 1918, suburban 
type location 
3 - Boulevard 1 December 1918, urban type 
location 
4 - USAMV Campus Cluj-Napoca 
5 - Constanța Street, industrial type location 
6 - Central Park of Cluj-Napoca 
Cu, Zn, Pb, Cd and Ni were quantified from 
Tilia cordata Mill. leaves using AAS (Atomic 
Absorption Spectrometry) with a Perkin-Elmer 
atomic absorption spectrometer Analyst type 800. 
The STATISTICA v.8.0 program was used for data 
processing. The multiregression analysis was 
implemented for the calcultion of the multiple 
correlations, while multivariate analysis was used for 
the cluster analysis, and factorial analysis was 
implemented through the Principal Component 
Analysis in order to emphasize the interrelations 
between microelemental components of the linden 
foliar tissue.  
 
3. Results and Discussions 
 
Interaction between Cu, Zn, Pb, Cd, Ni 
concentrations in the leaf tissue of Tilia cordata Mill. 
in the climatic conditions of the municipality of Cluj 
- Napoca, 2017 - 2018, quantified with the help of 
multiple regression analysis, indicates that, at all 
experimental locations, correlations of different 
degrees of intensity, from weak to strong, are 
recorded. Thus, the strongest of the correlations (R = 
0.822) is recorded between the accumulations of 
heavy metals (Cu, Zn, Pb, Cd, Ni) in the leaf tissue 
of the linden trees located in the experimental 
location no. 5 located in the vicinity of the Air quality 
monitoring station in the industrial type area, the 
interaction being described by the regression right for 
more than 67% of the situations recorded in the 
experimental device (R2 = 0.677). Regarding the 
experimental location no. 3, in the urban type area, 
the interaction being described by the regression right 
for more than 14% of the situations recorded in the 
experimental device (R2 = 0.145). The regression 
rights show that an increase of the Cu concentration 
in the leaf tissue of the lime trees, in all the 
experimental locations, is accompanied by the 
increase of the Cd and Ni concentrations, but the 
decrease of the accumulations of Zn and Pb. We 
consider that these mechanisms are explained by the 
physiological peculiarities of the species Tilia 
cordata Mill. (Table 1). 
 
 
Table 1. The multiple correlations between the Cu, Zn, Pb, Cd și Ni, mg/kg concentrations identified in foliar 
tissue of Tilia cordata Mill., in experimental sites (April – September, 2017 – 2018) 
 
Issue R R2 Dreapta de regresie/Regression line 
Experimental site nr. 1 0.822 0.677 Y = 11.693-0.067X1-0.140X2+0.555X3+2.116X4 
Experimental site nr. 2 0.779 0.607 Y = 3.203-0.254X1-0.097X2+2.082X3+0.434X4 
Experimental site nr. 3 0.381 0.145 Y = 6.414-0.044X1-0.013X2+0.283X3+0.212X4 
Experimental site nr. 4 0.772 0.597 Y = 2.148-0.082X1-0.103X2+0.014X3+0.798X4 
Experimental site nr. 5 0.810 0.656 Y = 0.437-0.118X1-0.024X2+1.050X3+1.175X4 
Experimental site nr. 6 0.751 0.564 Y = 2.951-0.076X1-0.409X2+0.143X3+0.693X4 
Y –Cu concentration (mg/kg); X1 –Zn concentration (mg/kg); X2 –Pb concentration (mg/kg); X3 –Cd concentration (mg/kg);  
X4 Ni concentration (mg/kg);  
R –the coefficient of multiple correlation: R2- the determination coefficient 
 
 
The cluster analysis highlights two main 
clusters. One of these, located at the greatest linkage 
distance, respectively 150, corresponds to the 
accumulations of Zn and Pb in the leaf tissue of the 
lime trees (Fig. 1). The second cluster is divided into 
two asymmetric subclusters, one with a branch, the 
other with two branches. One located at the linking 
distance 45, corresponds to the accumulations of Cu, 
and the other located at the linking distance 20, 
corresponds to the accumulations of Cd and Ni (Fig. 
1). Regarding Principal Component Analysis (ACP) 
applied for heavy metal concentrations, mg / kg, in 
the leaf tissue of Tilia cordata Mill., In all 
experimental sites (April - September, 2017 - 2018) 
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it generated four main components, but only the 
degree of pollution and the capacity of 
bioaccumulation can be associated with the selection 
criterion, being responsible for 38.67% of the 
variance and, respectively, 22.78% of the variance 
(Table 2). 
Also, the Principal Components Analysis 
(PCA), shows that, at the level of the municipality of 
Cluj-Napoca, during the experimental period 2017 - 
2018, the increase of the pollution level positively 
influences, in an important way, only the increase of 
the accumulations of Zn in the leaf tissue of the trees 
of lime taken in the study, at all experimental 
locations.  
The capacity of bioaccumulation, however, 
favors in a positive way the accumulations of Ni, but 
does not influence the bioaccumulations of Cu, Pb 
and Cd (Fig. 2, Table 3). 
 
 
Table 2. Total variance explained for common factors action, 2017–2018 
 
Factor Initial Eigenvalues % Total variance Cumulative Eigenvalue % Cumulative Eigenvalue 
1 1.9333 38.6661 1.9333 38.6661 
2 1.1392 22.7837 3.0725 61.4498 
3 0.9114 18.2277 3.9839 79.6775 
4 0.6233 12.4659 4.6072 92.1434 






Var 457 – Cu concentration; Var 458 – Zn concentration; Var 459 – Pb concentration;  
Var 460 – Cd concentration; Var 461 – Ni concentration.  
 
 
Figure 1. The cluster analysis applied to Cu, Zn, Pb, Cd și Ni, mg/kg concentrations from foliar tissue of Tilia cordata 
Mill., in experimental sites (April – September, 2017 – 2018) 
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Var 457 – Cu concentration - 
experimental site 1, mg/kg;  
Var 458 – Zn concentration - 
experimental site 2, mg/kg;  
Var 459 – Pb concentration - 
experimental site 3, mg/kg;  
Var 460 – Cd concentration - 
experimental site 4, mg/kg;  
Var 461 – Ni concentration - 


















Figure 2. The patterns of principal and supplementary factors within PCA for Ni, mg/kg concentrations in foliar tissue 
of Aesculus hippocastanum L., in all experimental sites (April – September, 2017 – 2018) 
 
 
Table 3. The components matrix  
 
Issue Factor 1  Factor 2 
Var 457 -0.696 -0.052 
Var 458 0.320 -0.886 
Var 459 -0.625 -0.227 
Var 460 -0.604 -0.489 
Var 461 -0.769 0.247 
Explained variance 1.933 1.139 
Total variance 0.387 0.228 
Var 457 – Cu concentration - experimental site 1, mg/kg; Var 458 – Zn concentration - experimental site 1, mg/kg; Var 
459 Pb concentration - experimental site 1, mg/kg; Var 460 – Cd concentration - experimental site 1, mg/kg; Var 461 – 





Strong multiple correlations are identified 
between the heavy metals taken in the study, in most 
experimental locations, ranging from 0.751 to 0.822. 
Only one exception is registered, at the level of the 
experimental site 3, respectively Boulevard 1 
December 1918, urban type location, where the 
resulting correlation is weak to average, a fact 
evidenced by the value of the multiple correlation 




ability of bioaccumulation of Pb in the leaf tissue, 
without showing symptoms of physiological 
diseases, which recommends this species to be used 
preferentially in urban green areas, especially in areas 
where there is a risk of pollution with lead, but also 
with the other heavy metals, mainly Cd. Also, for this 
reason, it is considered appropriate to use the species 
Tilia cordata Mill., As a biomonitoring agent for lead 
pollution in areas at risk. 
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